Background
This article is an invited review that evaluates the protein needs of children during health and illness, and includes a discussion on protein metabolism, assessment and delivery of protein to critically ill children. Critically ill children have an increased protein turnover due to an increase in whole-body protein synthesis and the protein degradation leading to loss of lean body mass (LBM) and development of growth failure, malnutrition, and worse clinical outcomes. The results of protein balance studies in critically ill children indicate higher protein needs, with infants and younger children requiring higher intakes per body weight compared with older children. Also, recent studies found a survival benefit in critically ill children who received a higher percentage of prescribed energy and protein goal by the enteral route.
Protein Needs During Growth
In pediatric patients, an estimated 58% of dietary protein is used for growth from 5-13 years and approximately 43% from 14-18 years. 5 Protein requirements for children are expressed as the estimated average requirement (EAR) and dietary reference intake (DRI), and represent the amount that will cover the needs of 50% of the population. The DRI is the amount that covers the needs of at least 97.5% of the population, which leaves a small proportion of the population (2.5%) with inadequate protein intakes. 2 The protein requirements at different ages are listed in Table 1 .
Alterations in Protein and Amino Acids During Critical Illness
Catabolism of body protein due to starvation, immobility, stress, and inflammation has been described in the critically ill pediatric patient. [22] [23] [24] [25] [26] Pediatric intensive care unit (PICU) patients are a vulnerable population with a high risk of developing low or depleted protein reserves, and chronic illness with associated malnutrition will increase morbidity and mortality. 27, 28 The nutrition needs of critically ill children should include sufficient protein to avoid negative nitrogen balance and to maintain the lean body mass (LBM) and growth, achieve a positive protein balance, and thus minimize the chronic state of protein deficiency. [29] [30] [31] [32] Critically ill children have an increased protein turnover due to an increase in whole-body protein synthesis and breakdown. 25, 38, 39 During inflammatory conditions, there is a decrease in protein synthesis at the skeletal muscle level and an increase in protein degradation to shuttle amino acids and nitrogen to the tissues. 38, 40 Protein degradation can be greater than muscle protein synthesis and create a negative protein balance. A sustained imbalance between muscle protein synthesis and protein degradation leads to loss of LBM and, if severe enough, to subsequent development of growth failure in children.
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Assessment of Body Composition and Protein Turnover During Critical Illness
Critical illness is a condition in which protein requirements, utilization, and balance are changing rapidly in proportion to the acute physiologic state. 52, 53 Clinical examination, weight for height, body mass index (BMI), and weight velocity can help to identify risk factors for cachexia, limited muscle mass, the presence of edema, obesity, and stunted growth. 65 A multicenter cohort study reported BMI and outcomes in 1,622 mechanically ventilated children; underweight and obesity were associated with a higher risk of hospital-acquired infections and a lower likelihood of hospital discharge. In addition, underweight children had a higher risk of mortality and fewer ventilator-free days.
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Protein Requirements of the Critically Ill Pediatric Patient
Prescription of Protein in the Critically Ill Child
Malnutrition in critically ill children has been reported with a prevalence ranging from 24%-70% 29, [118] [119] [120] [121] [122] [123] with suboptimal nutrition support being prevalent in many PICUs. Adequate protein provision during critical illness is essential to provide enough substrate for metabolic purposes and tissue repair and should be based upon an understanding of protein metabolism. Estimated protein requirements by A.S.P.E.N. for injured children of various age groups are as follows: 0-2 years, 2-3 g/kg/d; 2-13 years, 1.5-2 g/kg/d; and 13-18 years, 1.5 g/kg/d; this higher protein provision is intended to meet the higher needs in critical illness. 64 Enteral nutrient delivery is the preferred method to provide protein to replenish the amino acid pool during critical illness. 125 The type of protein-amino acids, semi-digested, and whole protein-in the enteral formulation given to critically ill children may affect tolerance, absorption, and utilization. Protein-energy enriched formulas have been used in critically ill infants during the first week after admission to the PICU and compared with standard formula. These formulas were well tolerated and have improved protein balance and biochemical parameters. 15, 90, 98, 116 Parenteral protein administration is recommended in the critically ill child when the GI tract is not ready to tolerate dietary protein.
For critically ill children, protein underfeeding is more pronounced than caloric underfeeding. 28, [120] [121] [122] 131 Currently, patients in the PICU receive <50% of estimated caloric and protein requirements in the first 10 days of ICU care. 28, 121, 131, 132 Protein underfeeding during critical illness contributes to increased catabolism and decreased LBM in the already malnourished patient, a situation that is exacerbated in small infants and children. 28, 131, 133, 134 Metabolic utilization rate of macronutrients, dynamic changes in protein requirements, variation in nutrition practice, and protein cumulative deficits should be considered when providing protein support during critical illness.
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Clinical Studies
Multiple studies in infants, children, and adolescents have reported protein prescription practices and protein balance results in different clinical conditions and critically ill children admitted to the PICU (Table 2 ).
The goal of nutrition support during the acute phase of critical illness is to provide adequate substrate intake to mitigate the effects of the catabolic response and preserve LBM. To achieve this goal, it is necessary to supply adequate protein and energy, but the question of how much protein and energy are needed to achieve balance in various age groups remains unclear.
Three conclusions can be made:
1. There is an association between age and protein intake, 2. Higher protein intakes per body weight are necessary in infants and young children to achieve a positive protein balance compared with older children and adolescents, and 3. Protein intake given via the enteral route appears to be more efficient in achieving a positive protein balance than similar protein intakes by the parenteral route.
Cited reasons for inadequate protein intake in the critically ill child are fluid restriction, low prescription practices, no use of feeding algorithms, and acute kidney injury (AKI). Also, delays in EN initiation are common in PICUs, as are multiple long interruptions that further defer achievement of goal nutrition. 28, 117, 131, 150 The impact of protein intake on clinical outcomes in critically ill children remains unclear, in view of the challenges of delivering adequate protein at the bedside. A recent prospective, multicenter study by Mehta, et al 131 (n = 1245 critically ill children, aged 1 month to 18 years, who required mechanical ventilation for ≥48 hours) examined the association between protein intake and mortality. The mean delivery of enteral energy and protein was 36% ± 35% and 37% ± 28%, respectively. In relation to mean enteral protein intake <20%, intake ≥60% of the prescribed goal was associated with an odds ratio of 0.14 (95% confidence interval [CI], 0.04-0.52; P = .003) for 60-day mortality. Early initiation, postpyloric route, shorter interruptions, larger PICU size, and a dedicated dietitian in the PICU were associated with higher enteral protein delivery. These data suggest that the influence of enteral protein delivery may have a greater impact on important clinical outcomes than overall calories delivered, which is an observation that warrants further study.
Future randomized controlled studies should evaluate the effect of protein dose on important patient outcomes, including LBM, muscle structure and function, duration of mechanical ventilation, ICU and hospital length of stay, and mortality in different age groups.
